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Description 
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adhesl J^lT™ re ' ateS l ° 9raft£d hydrOCarbon resins and oli 9°mer compositions, including, but not limited to 
compoSns C ° mP ° nentS inCOrp ° ralin 9 the ^ compositions, and methods for making and using the 

[0002] Relatively low molecular weight resins (usually with molecular weights ranging from 400 to 1500 Mn) are 
useful ,n many appl.cat.ons, including tackifying agents for adhesives, ink additives, poller additives roa2 ! £ 

!l n I^p P R e 7' 2,n9 "? PiPe WraPPing ' Certa,n C ° mmerCia " 9 rades of ta » oil ™» es L (TOREs) or ferpene pheSc 
resins (TPRs) are used to improve the performance of ethylene vinyl acetate (EVA)-based hot-me I adhes,ves £ As) 

«r2^' > TT' J™ C ° l0r inStability and ° d ° r generation at application temperatures. HydroS rettns 
K2! hy ri dr ° 9 rf enated Cycloali P hatic resins ' are in color stability and odor generation but d^ .not Lx ibi, 

TOR?- Z ? P 6 ^^ ° n P °' ar SUrfaCeS ' SUCh 38 P°' terephthalate (PET) and acrycl c varnishes whe^e 
TOREs are often used. The adhesive industry recognizes this problem but has yet to achieve a solution Thus 
exists for a hydrocarbon resin or an adhesive component having enhanced HMA pe£Z£ wftlut the ins^S 
and odor generation normally associated with TOREs or TPRs instability 
[0003] US Patent 4719260 discloses a hot-melt adhesive composition comprising an amorphous polvmercontainino 

8 8 '"I 1 C ° POlymer ° f 3 POlyCyNC S3lUraled aMphatic ^amon resin ^nSS^SS^S 
improved adhesion to substrates such as polyethylene. lt does not disclose the use of an at least partlTv hvd ™S 
aromatic hydrocarbon resin. Further, it is generally known that aromatic resins are gene^ ^^^ S 

\t°^tl n ^ 31 i 61620discloses a P^ess for reacting maleic anhydride with thermally-produced hydrocarbon resins 

oSos BP otsTsfo 2T nm \ hyd T natin9 r6Sin " °' i90merS bSf0re reaCti °" With theLleic anhydride 
[0005] EP 0 088 51 0 discloses polar synthetic petroleum resins. In the embodiments disclosed therein the cvclooen 
tad.ene oligomer m.xture is reacted with a camoxy.ic acid or anhydride such as phthalic or malefc lTd S ^th.n" 
hydrogenated. The reaction proceeds via the acid group reactingwith the mJ^^^Z^^^Z 
forming an ester group at the point of attachment. The resulting resin product can be generally cteslmed 2« 
ester The grafted materials disc.osed herein are believed to' be pro'ducexlthrougTa 322 ^"1 name y ^ an 
unsaturated bond of the acid or anhydride onto the resin which is preferably at least pama^ydTae'natSlnd Z£ 
preferably substantially hydrogenated as defined herein. pan.any nyarogenated and more 

ESfL Performance of hydrocarbon resins, particularly hydrogenated aromatic cycloaliphatic resins on polar sur- 

25, 4 PVA S,Ve r tenalS inCOrporati "9 these 8«*«* components have improved oa^KS^^SS 
^ such as EVA copolymer, .and exhibit good performance on ..difficult derates, such as coated SgC£ 

SUMMARY 

n°rS2,«,? h ne em ^° diment disclosed herein is a composition comprising an at least partially hydrogenated material 
grafted wrth a graft monomer, wherein the material comprises: (a) a thermally-polymerized aromatic °conta nmo^vdro 
« carbon resin; or (b) an oiigomer, in which case, the oligomer after i, has been grafted W n^Z^oT^X ti Z 

Sm TZTITT^ ar0m K tiC m0n ° merS WhiCh a,S ° Pr6Sent afte ' Venation and g aSg 
55 Sir ? f r ! n , ^ be C ° mbmed Wi,h 31 ' eaSt ° ne po, y° ,efin to ,orm an adhesive component Suitable 
polyolefins ,nc ude polyethylene, an ethyiene a-olefin (C 3 -C 2o) copolymer, polypropylene, a propylene Olefin (C T 

oZTr^r P ° ,ybUtylen t e ' 8 bUty ' Sne a -°' efin COpo 'y<™. a Pdyisobutylene polymer 2^S^?&fS 

po ymers comprising styrene and one or more conjugated dienes, such as isoprene or butadiene «-oteftn diene c 
polymers, and mixtures of two or more thereof. The grafted materia, is typical.y we..-suited for use with p a peers' 
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including polyesters, polyamides, polyureas, polycarbonates, polyacrylonitriles, polyacrylates, polymethylacrylates, 
ethylene vinyl acetate copolymers, polyvinyl chloride, polyethylene terephthalate, polybutylene terephthalate, polya- 
cetals ethylmethyl acrylate, ethylbutyl acrylate, and mixtures of two or more thereof. 

[0009] Another embodiment disclosed herein is a process for making the above-mentioned composition(s). The 
5 process comprises contacting a graft monomer with an at least partially hydrogenated material comprising (a) a ther- 
mally polymerized aromatic-containing hydrocarbon resin; or (b) an oligomer, in which case, the oligomer after it has 
been grafted with the graft monomer: (i) does not comprise norbornyl ester groups; or (ii) comprises at least one of a 
mono-alkyl succinic acid, anhydride or derivative thereof, or a p-alkyl substituted propanoic acid or derivative thereof; 
or (c) a combination of (a) and (b). The reaction preferably occurs in the presence of a free radical initiator. The product 
10 grafted material can be combined with other resins to form adhesive components and/or combined with one or more 
polyolefins as previously mentioned and further blended as needed and used as an adhesive. 

DESCRIPTION OF THE FIGURES 

is [0010] Figures 1-6 illustrate the comparative performance on polyethylene and PET substrates between hot melt 
adhesives containing grafted resins and hot melt adhesives containing other resin materials. 

[0011] Figures 7-12 illustrate the comparative performance on polyethylene and PET substrates between hot melt 
adhesives containing resin material comprising grafted oligomers and hot melt adhesives containing other resin ma- 
terials. t . . 
20 [0012] Figures 13-15 illustrate. the-comparative performance on acrylic-coated' oriented polypropylene mm coated 
cardboard substrates between hot melt adhesives containing resin material compVising grafted oligomers and hot melt 
adhesives containing other resin materials. 



25 



DETAILED DESCRIPTION 



Grafted Hydrocarbon Resin 



[0013] As used herein, a grafted hydrocarbon resin, oligomer, and/or resin material, or a combination thereof means 
it has been combined, contacted, and/or reacted with a graft monomer. Grafting is the process of combining, contacting, 

so or reacting the hydrocarbon resin, oligomers and/or resin material with the graft monomer. Grafting hydrocarbon resins, 
oligomer and/or resin material, or a combination thereof to include at least some polar functionality produces useful 
components for many applications such as adhesive formulations, especially HMA formulations. These formulations 
are often designed for use with polar polymers, such as EVAs, ethylmethyl acrylates (EMAs), polyacrylates (PAs), 
polymethacrylates (PMAs), ethylene alkyl acrylates and for use on polar substrates, such as PET, recycled paper, 

35 cardboard, and acrylic varnishes and work well on other substrates such as wood, glass, ceramic, asphalt, concrete, 
andVietal. 

[0014] Accordingly, embodiments of the present invention include grafted and ungrafted hydrocarbon resm(s) and 
oligomer(s) and combinations and mixtures thereof. Embodiments also include, but are not limited to: adhesives or 
adhesive components comprising {^grafted hydrocarbon resins;*") grafted oligomers/ (Hi) grafted oligomers - ung^t: 

40 ed resin(s) (iv) grafted hydrocarbon resin + ungrafted resin(s), (v) grafted hydrocarbon resin + ungrafted oligomers, 
(vi) grafted'hydrocarbon resin + grafted oligomers, (vii) grafted oligomers + ungrafted oligomers or (viii) grafted hydro- 
carbon resin + grafted oligomers + ungrafted resin(s) and other suitable combinations of one or more thereof. The 
embodiments described herein also include processes for making and using the previously described materials. 
[0015] Suitable hydrocarbon resins that may be grafted include: aliphatic hydrocarbon resins, at least partially hy- 

45 drogenated aliphatic hydrocarbon resins, aliphatic/aromatic hydrocarbon resins, at least partially hydrogenated aliphat- 
ic aromatic hydrocarbon resins, cycloaliphatic hydrocarbon resins, at least partially hydrogenated cycloaliphatic resins, 
cycloaliphatic/aromatic hydrocarbon resins, at least partially hydrogenated cycloaliphatic/aromatic hydrocarbon resins , 
at least partially hydrogenated aromatic hydrocarbon resins, polyterpene resins, terpene-pheno! resins, and mixtures 
of two or more thereof. Rosin esters may also be grafted. Preferably, the resin is at least partially hydrogenated and 

so comprises aromatic monomers. In one embodiment, the weight ratio of graft monomer.resin in a grafted resin product 
is preferably between 1 :1 000 and 1 :1 , more preferably between 1 :1 00 and 1:1, more preferably between 1 :50 and 1 : 
1 , more preferably between 1 :1 0 and 1 :1 , more preferably between 1 :3 and 1 :1 , and even more preferably between 
1:100 and 3:10. 

[0016] In one embodiment, the resin comprises hydrocarbon resins produced by the thermal polymerization of cy- 
55 clopentadiene (CPD) or substituted CPD, which may further include aliphatic or aromatic monomers as described later. 
In one embodiment, the hydrocarbon resin has an aromatic content of 1 -60 %, more preferably 1 -40 %, more preferably 
1-20% more preferably 10-20%, more preferably 15-20%, more preferably 1-10%, and more preferably 5-10 %. 
[0017] 1 As used herein aromatic content and olefin content are measured by 1 H-NMR as measured directly from 
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the 1 H NMR spectrum from a spectrometer with a field strength greater than 300 MHz, most preferably 400 MHz 
(frequency equivalent). Aromatic content is the integration of aromatic protons versus the total number of protons. 
Olefin proton or olefinic proton content is the integration of olefinic protons versus the total number of protons. 
[0018] In another embodiment, the resin is preferably at least partially hydrogenated and more preferably substan- 
s tially hydrogenated. As used herein at least partially hydrogenated means that the material contains less than 90% 
olefinic protons, more preferably less than 75 % olefinic protons, more preferably less than 50 % olefinic protons, more 
preferably less than 40 % olefinic protons, more preferably less than 25 % olefinic protons, more preferably less than 
1 5 % olefinic protons, more preferably less than 1 0 % olefinic protons, more preferably less than 9 % olefinic protons 
more preferably less than 8 % olefinic protons, more preferably less than 7 % olefinic protons, and more preferably 
10 less than 6 % olefinic protons. As used herein, substantially hydrogenated means that the material contains less than 
5% olefinic protons, more preferably less than 4 % olefinic protons, more preferably less than 3 % olefinic protons 
more preferably less than 2 % olefinic protons, more preferably less than 1 % olefinic protons, more preferably less 
than 0.5 % olefinic protons, more preferably less than 0.1% olefinic protons, and more preferably less than 0.05% 
olefinic protons. The degree of hydrogenation is typically conducted so as to minimize and preferably avoid hydrogen- 
's ation of the aromatic bonds. 

[0019] In one embodiment, the hydrocarbon resin to be grafted has a softening point of 10-200°C, more preferably 
10-160°C, more preferably 60-1 30°C, more preferably 90-1 30°C, more preferably 80-1 20*C, more preferably 
80-1 50*C, and more preferably 90-1 10°C and is preferably at least partially hydrogenated. Softening point (°C) is 
preferably measured as a ring and ball softening point according to ASTM E-28 (Revision 1996). 

Grafted oligomers 

[0020] Another embodiment is a material comprising grafted oligomers (dimers, trimers, tetramers, pentamers, and 
hexamers), preferably derived from a petroleum distillate boiling in the range of 30-21 0°C. The oligomers can be derived 
from any suitable process and are often derived as a byproduct of resin polymerization. Suitable oligomer streams 
have molecular weights (Mn) between 130-500, more preferably between 130-41 0, more preferably between 130-350 
more preferably between 130-270, more preferably between 200-350, and more preferably between 200-320. Exam- 
ples of suitable oligomer streams include, but are not limited to, oligomers of cyclopentadiene and substituted cyclopen- 
tadiene, oligomers of C 4 -C 6 conjugated diolefins, oligomers of C 8 -C 10 aromatic olefins, and combinations thereof 
Other monomers may be present. These include C 4 -C 6 mono-olefins and terpenes. The oligomers preferably comprise 
one or more aromatic monomers and are at least partially hydrogenated, more preferably substantially hydrogenated. 
In one embodiment, the grafted oligomer material has an oligomengraft monomer molar ratio between 50:1 and 1 2 
more preferably between 10:1 and 2:1, more preferably between 5:1 and 2:1, more preferably between 1 5:1 and V 
1 .5, and more preferably about 1:1. 

[0021] As stated, both the resins and oligomers preferably comprise one or more aromatic monomers. The data 
below suggests that an aromatic material yields better performance in adhesives comprising aromatic-containing graft 
material. Additionally, certain graft monomers, such as maleic anhydride, have good solubility in an aromatic-containing 
material which* probably allows for a more homogeneous reaction phase and likely avoids undesirable byproducts 
during the grafting reaction. * *• . . ... . j , , - : „ : -« r — . : ; 

Graft Monomers 

[0022] Preferred graft monomers include any unsaturated organic compound containing at least one olefinic bond 
and at least one polar group such as a carbonyl group, which includes unsaturated acids and anhydrides and derivatives 
thereof. Preferably, the organic compound contains an ethylenic unsaturation conjugated with a carbonyl group (-C=0) 
and preferably contains at least one a, p olefin bond. Examples include carboxylic acids, acid halides or anhydrides, 
phenols, alcohols, ethers, ketones, alkyl and aromatic amines, nitriles, imines, isocyanates, nitrogen compounds, hal- 
ides and combinations and derivatives thereof. Representative acids and acid derivatives include carboxylic acids, 
anhydrides, acid halides, esters, amides, imides and their salts, both metallic and non-metallic. Examples include 
maleic, fumaric, acrylic, methacrylic, itaconic, aconitic, citraconic, himic, tetrahydrophthalic, crotonic. a-methyl crotonic, 
and cinnamic acids. Maleic anhydride is a particularly preferred graft monomer. Particular examples include, itaconic 
anhydride, citraconic anhydride, methyl acrylate, methyl methacrylate, ethyl acrylate, ethyl methacrylate, glycidyl acr- 
ylate : monoethyl maleate, diethyl maleate, dibutyl maleate, monomethyl fumarate, dimethyl fumarate, monomethyl 
itaconate, diethyl itaconate, acrylamide, methacrylamide, maleic acid monoamide, maleic acid diamide, maleic acid-N- 
monoethylamide, maleic acid-N.N-diethylamide, maleic acid-N-monobutylamide, maleic acid-N,N-dibutylamide, fu- 
maric acid monoamide, fumaric acid diamide, fumaric acid-N-monobutylamide ; fumaric acid-N,N-dibutylamide, male- 
imide, N-butylmaleimide, N-phenylmaleimide, sodium acrylate, sodium methacrylate, potassium acrylate and potassi- 
um methacrylate. 
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Hydrocarbon Resin Production 

f00231 Hydrocarbon resins are well known and are produced, for example, by Friedel-Crafts polymerisation of various 
eeds whte may be pure monomer feeds or refinery streams containing mixtures of various unsaturated matena^ 
Generally speaking the purer the feed the easier to polymerise. For example pure styrene, pure a-methyl styrene , and 
mfxtu e" thereof a?e easier to polymerise than a C 8 /C 9 refinery stream. Similarly, pure or concentrated piperylene ,s 
Tsler to poimlnse than C 4 -C 6 refinery streams. These pure monomers are, however, more expense to produce 
than the refinery streams which are often by-products of large volume refinery processes faafl „ nn 
SSffl Aliphatic hydrocarbon resins can be prepared by cationic polymerisation of a cracked petroleum Teed con- 
Ena C C and cL paraffins, olefins, and conjugated diolefins commonly referred to as C 5 monomers. These mon- 
omTstreams compXe cationicalty polymerisab.e monomers such as butadiene, 1 ,3-pentadiene (K**-*)** 
wTh cvc 3ntene pentene, 2-methyl-2-butene, 2-methyl-2-pentene, isoprene, cyclopentadiene, and d.cyc opentad, 
r.ToStatthese feeds the refinery streams are purified usually by both fractionation and treatment to remove 

ioo P 2 U 51 ie The resin polymerization feed may also comprise aromatic monomers such as styrene, indene, derivatives 
of styrene ^ derfvatives of indene, and combinations thereof. Particularly preferred aromatic olefins include styrene, a- 
methvlstvrene B-methylstyrene, indene, methylindenes and vinyl toluenes. 

^0026 Tn addLn to the reactive components, non-polymerisable components in the feed may include saturated 
hvdmLrbons such as pentane, cyclopentane, or 2-methy. pentane that can be co-distilled with the unsaved com- 
ooneS This monomer feed can be co-polymerised with other C 4 or C 5 olefins; or dimers. Preferably, however, the. 
S tre pu nlte toTemove unsaturated materials that adversely affect the polymerisation reaction or cause undesir- 
able co ours Tn the final resin (e.g., isoprene). This is generally accomp.ished by fractionation. In one embod ment, 
oo vmeSon is conducted using FrieSel-Crafts polymerisation catalysts such as supported or unsupported Lew* 

25 trichloride or alkvl aluminium halides, particularly chlorides). 

00271 TvpS the feed stream includes between 20-80 wt% monomers and 20-80 wt% solvent. Preferably the 
mL2K3£ 30-70 wt% monomers and 30-70 wt% of solvent. More preferably, the feed stream includes 50-70 
myomere and 30-50 wt% of solvent. The solvent may include an aromatic solvent, wh,ch may be toluenes, 
STSTiSlfc solvents, a.iphatic solvents and/or mixtures of two or more thereof. The solvent is preferably 
ecSed The srZrt may comprise the unpo.ymerisable component of the feed. The solvents generally contain less 
than pro D m water preferably less than 1 00 ppm water, and most preferably less than 50 ppm water. 
S^^fSt^TiMnciude at least some C 4 -C 6 monomers, wherein cyc.opentadiene and rnethy cyclopen- 
Se clm^ontn^pttonally removed from the feed stream by heating it to a temperature between 1 0O'C and 
1 S»C ^^ndTacSating by distillation. The monomers may include at least one member selected form the group con- 
fig oMsobSyCZSdiene, 2-methy.-2-butene, 1 -pentene, 2-methyl-1 -pentene f^f^TT^ 2^ ene, 
cSopentene isoprene, cyclohexene, 1 ,3-pentadiene, 1 ,4-pentadiene, isoprene, 1 ,3-hexad,ene, 1 ,4-hexad.ene, cy- 

STtano^r emCmenfS taed stream includes 30-95 wt% of C 5 monomers, as described above and 5-70 
IS of iSSn 9 at least one member selected from the group consisting « rf ^- ft ^^mo^ ? 
Tnd tamenes Preferably the feed stream includes about 50-85 wt% of C 5 monomers and about 15-50 wt% of a co- 
f nd \ teVP rT nn I S one member selected from the group consisting of pure monomer, C 9 monomers, and terpenes. 

LvereL modular weight (Mw) of 500-6000, a z-average molecu,ar weight (Mz) of 700-15,000 and a P«y«*««» 
?PD^a ^measured by Mw/Mn between 1 .5 and 4. As used herein, molecular weights (number average molecular weight 
Mn weTqhTaverege molecular weight (Mw),and z-average molecular weight (Mz)) are measured by S,ze Exclusion 
Chro^raohv usfng a Waters 150 Gel Permeation Chromatograph equipped with a differential refractive index 
SnSSSSS polystyrene standards. Samples are run in tetrahydrofuran (THF) (45»C). Molecular 

weights are reported as polystyrene-equivalent molecular weights and are generally measured in g/mol. 
S The monomer feed can be co-polymerised with C 4 or C 5 olefins or their olefinic d.mers as chain transfer 
LTntl un to 40 preferably up to 20 wt%, of chain transfer agents may be added to obtain resins with lower and 
Sli^SSfS^n. than can be prepared from using the monomer feed alone. Chain transfer 
the 'orooaaaiion of a growing polymer chain by terminating the chain in a way, which regenerates a polymer 
So sL Comp'onCs which beha've L chain transfer agents in these reactions include but are not limited to 
2-methyl-1 butene 2-methyl-2-butene or dimers or oligomers of these species. The chain transfer agent can be added 

" JST? — d by thermal polymerisation of a feed comprising unsafe 
atad Liomere oTcydopentadiene and/or substituted cyc.opentadiene. In one embodiment, the feed also com mm 
Lremal monomers as previously described. In such embodiments, a mixture of (a) a steam cracked petroleum distHlate 
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too^L r J£ ™ 9 t , C ° ntaining ab ° Ut dimerS and Codimers of cy'lopenmdiene and its methyl derivatives 

together with (b) a steam cracked distillate boiling in the range 150-200°C comprising a-methyl stvrene 7nTtZ^! 
mdene and methy. indene with other C 9 and C 10 aromatics, in the weight ratio (a b) between 9oTc Uo 50 50 1 
m a batch polymerization reactor to 1 60-320°C at a pressure of 9.8 x 1 1 7 x 1 <£ PafeTS to 4 h « WhJ , 
of the ohgomers is not desired, the resu.ting po.ymerizate may steam striped to « TnZ ted andTw 

^^S^STS 6 T P ° nentS t0 Vield 3 reS,n haVin9 8 S ° ,tenina P° int in ,he 80-120X ' 

[0033] The products of the polymerization process include both resin and an oligomer by-product comprisina olioom 

reT^Tth ' tnmerS ; h tetr r ers ' P entamerc > ™« hexamers) of the feed monomer's). As used t^SS^SSi 

fro^h , T 6 °" 90mer£ ' ° r 3 miXtUr6 ° f the tW0 - ,n an ^bodiment where the oUgorne^oZTreZt 

[0034] The resin material is then preferably hydrogenated to reduce coloration and improve colour stability Anv of 

atmospheres (506 kPa) and 300 atm (30390 kPa') hydrogen X^/l^J^oS^K^^ lm 

kPa Zroofn",? 6 TT * ^ inC ' Udin9 1 8 °- 33 °° C md thS iS in ^^S^WfSSSo 

kPa hydrogen. The hydrogen to feed volume ratio to the reactor under standard conditions (25°C 1 atm rio fSS 
pressure) typically can range from 20:1-200:1 ; for water-white resins 1 00=1-2001 is preferred The Sdr^Tni I ? 
uct may be stripped to remove low mo.ecu.ar weight by-products and any ^tS£^%£^Z£ 

ro03 5 T y tZ h" ? qU 'f K 0iMn9 bS,Ween 25 °- 400 ° C 8nd is preferab| y substantially hydrogenated 

[0035] The hydrogenat.cn of the resin material may be carried out via molten or solution based processes bv either 
a batch wise or more common.y, a continuous process. Catalysts employed for the hydrogenaJon o hyd^aTon 
2S£T2T* m ° n0meta,lic and bimeta »- catalyst systems based on group 6 8,9, 10 or ' M e dements 

Catalysts such as mckel on a support (for example, nickel on alumina, nickel on charcoal nickel on si ica Sel In 

[0036] Another surtable process for hydrogenating the resin material is described in EP 0082726 EP 0082726 rf* 
s S upoo S rt whs °n" J - °"" WC " th6rma ' h y dro 9 enati - """fl a nicke.-tungsten cjyst on a gaZSumta 

[0037] In one embodiment, the catalyst comprises nickel and/or cobalt on one or more of molybdenum tunasten 
ajumma or sihca supports wherein the amount of nickel oxide and/or coba.t oxide on the .uppo?«3lKTo 
wt%. The amount of tungsten or molybdenum oxide on the support after preparation ranges from 5-2^ TwS pZI ! 
ZZST ° 0nt f S H 4 - 7 , Wt% nickel oxide 18-22 wt% tungsten ox'ide". This p roces ^iSTSJaCTJS 
described ,n greater detail in US Patent 5820749. In another embodiment, the hydrogenation may b ^rteTout ustno 

are 7«JrT 03131X518 ^"^^ !n US Patent 4629?66 - ln ^ngLn ca,aSo e n C g a amma lZl 

[0038] In one embodiment, the oligomers are stripped from the resin before hydrogenation In such an embodiment 
the ohgomers are preferably hydrogenated before grafting. In another embodiment the oligom^re ^hydroqeS 

eTbodtr: Tf r StripP f f reS,n ' y,e,din9 3 Wrogenatad resin and hydrogenated oNgomers n anoS 
embod,ment, at least some of the oligomers are stripped before hydrogenation and at least som^rdroaenated oN 
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Grafting the Resin Material 

r0039] At least a portion of the resulting resin material, preferably derived from a process such as that described 
above may then be combined and/or contacted with a graft monomer typically under suitable react.on cond.tions and 
in a suitable mixing device. In accordance with the previously described embodiments, the resin and oligomers may 
be qrafted separately or simultaneously, and if separately, grafted oligomers may then be optionally remixed with the 
grafted resin an ungrafted resin, or any another suitable resin, adhesive component or composition as descnbed below. 
r00401 Grafting of the graft monomer preferably occurs in the presence of a free-radical initiator selected from the 
group consisting of organic peroxides, organic peresters, and azo compounds. Examples of such compounds include 
benzoyl peroxide, dichlorobenzoyl peroxide, dicumyl peroxide, di-tert-butyl peroxide, 2,5-dimethyl-2,5-di(peroxyben- 
zoate)hexyne-3 1 ,4-bis(tert-butylperoxyisopropyl)benzene, lauroyl peroxide, tert-butyl peracetate, 2,5-dimethyl-2,5-d. 
(tert-butylperoxy)hexyne-3, 2,5-dimethyl-2,5-di(tert-butylperoxy)hexane, tert-butyl perbenzoate, tert-butylperphenyl 
acetate tert-butyl perisobutyrate, tert-butyl per-sec-octoate, tert-butyl perpivalate, cumyl perpivalate and tert-butyl per- 
diethyla'cetate. azoisobutyronitrile, dimethyl azoisobutyrate. The peroxide preferably has a half-hfe of about 6 minutes 
at 1 60°C with volatile non-aromatic decomposition products and those that minimize color formation. Preferred perox- 
ides include di-tert-butyl peroxide and 2,5 dimethyl-2,3-di(tert-butylperoxy)hexane. The amount of peroxide comb.ned 
is typically dependent on the weight of the graft monomer. In one embodiment, the weight ratio of the graft monomer: 
peroxide in the reaction mixture may be between 1:1 and 20:1, more preferably between about 1:1 and 10:1, more 
preferably between about 1 : 1 and about 5:1 and even more preferably about 4:1 . 

r0041]-- The graft monomers may be, combined with the resin material at , a temperature between 50-200 C, more 
oreferablv between 70-1 50°C, more preferably between 70-1 25°C, more preferably between 140-1 80°C, more pref- 
erably between 140-180°C, more preferably between 155-165°C or between 165-175°C and a pressure of typically 
one atmosphere but higher pressures can be used if necessary. The graft monomer may be comb.ned so that the 
weight ratio of graft monomerresin material is less than 1 :1 , more preferably less than 5:1 0 more preferably less than 
3-10 and more preferably less than 3:20. In a preferred embodiment, the reaction mixture is maintained in a homoge- 
nous state The reaction mixture is preferably agitated or stirred vigorously. The free radical initiator is combined with 
the resin material-graft monomer reaction mixture eitherin one addition orpreferably in a continuous orsem. continuous 
mode during the reaction. Residence time in the reaction zone is preferably less than 75 minutes, more preferably less 
than 60 minutes, even more preferably between 30-60 minutes. 

r0042] In embodiments where only the oligomers are grafted, the reaction temperature is preferably between 
50-200°C more preferably between 70-150«C, more preferably between 70-125°C, more preferably between 
140-180°C more preferably between 140-180°C, more preferably between 155-165°C, and more preferably about 
1 60°C The amount of graft monomer added is typically dependent on the amount of oligomer. Preferably, the oligomer: 
graft monomer mole ratio is between 5:1 and 1:5,. more preferably between 2:1 and 1:2, more preferab y between 
about 1 51 and 1 1 5 and more preferably about 1 :1 . Thereafter, the ungrafted oligomers are stnppedfrom the product 
and optionally recycled to the reaction zone. The grafted oligomers produced generally have a softening point between 
0-1 20°C more preferably between 25-1 20°C, more preferably between 50-1 20°C and even more preferably between 
80-110°C and color of 4-10 Gardner. Gardner color, as used herein, is measured using ASTM D-6166. The grafted 
oligomer ^uct.can.lh6f»t)ew^Wned?wtth.th«i resin <§rafted.or. gng*ftetlfcM>m which K *»d£r!vejt or comomed t 
40 with other •resins, polymers; >and/or other materials-arid f ormUlatedinto and adhesive material 

f00431 In embodiments where only the resin is grafted, the reaction temperature .s preferably between 50-200 C, 
more preferably between 70-150°C, more preferably between 70-125°C, more preferably between 140-180°C, more 
preferably between 140-180°C, more preferably between 165-1 75°C, and more preferably about 170°C. The amount 
of graft monomer added is typically dependent on the amount of resin. The graft monomenresin weight ratio m the 
reaction mixture is preferably less than 1 :5, more preferably less than 1:10, more preferably less than 1 :20, and even 
more preferably about 1 :40. Generally, the grafting raises the softening point of the resin less than 1 0°C, more preferably 
less than 5">C and produces a grafted resin having a color between 2-6 Gardner. 

[0044] In another embodiment, the oligomers are not stripped from the resin product, and the resin and oligomers 
are simultaneously grafted. Reaction conditions are similar to those previously described for graft.ng the resin, but the 
graft monomenresin material weight ratio is generally kept below 1 :2, more preferably below 5:20.and more preferably 
below 3 20 Upon completion of grafting; the material may be further stripped if required to yield a res.n of the des.red 
softening point and/or to remove unreacted oligomers. Separation of the grafted oligomers from the grafted res.n may 
also be made if desired, but the product may be used without such further processing. In many emobod.ments com- 
prising grafted resin and grafted oligomers, the weight ratio of grafted oligomers:grafted resin in the resin matenal w.ll 
be greater than 1 :200, more preferably greater than 1 :1 00, more preferably greater than 1 :50, more preferably greater 
than 1:20, and more preferably greater than 1:10. 

r00451 Grafting of the resin material can also be conducted via a solution route wherein the res.n matenal dispersed 
in a solvent and combined, contacted and/or reacted with the graft monomer. Additionally or alternatively, the graft 
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monomer can be d.spersed in a solvent prior to adding to the resin material. These routes allow for lower reaction 
temperatures (as low as 1 00°C) and allows the choice of different peroxides having half-lives of 6 minutes at the lower 
reaction temperatures. Suitable solvents include, but are not limited to, alipahtic solvents, cycloaliphatic solvents ar- 
omatic solvents, and aromatic-aliphatic solvents. Typical examples include benzene, toluene, xylene, chlorobenzene 
n-pentane, n-hexane n-heptane, n-octane, n-decane, iso-heptane, iso-decane, iso-octane, cyclohexane alkyl cy- 
clohexane, and combinations of two or more thereof. y ^ 

[0046] It is believed that the graft monomer is grafted to the resin material through an olefinic bond of the araft 
monomer such as an a, 8 olefinic bond. It is believed that by grafting the oligomers via this route, the formation of 
norbomyl ester groups in the grafted resin material is minimized and preferably avoided. The resulting grafted oligomers 
are preferably at least one of a (i) a mono-alkyl succinic acid, anhydride or derivative thereof, or (ii) a B alkyl substituted 
propanoic acid or derivative thereof. The reaction product of the resin material and graft monomer or the product of 
the comb.nation of the resin material and the graft monomer may also include some oligomers of the graft monomer 
which may or may not be removed before formulating a final composition 

;° 0 ^ o / he reSU ' tin , 9 9rafted reSi " material P referabl V has a ^ftening point between 15-210°C, more preferably 
15-170°C, more preferably 65-140°C, more preferably 65-130°C, more preferably 80-120°C more preferablv 
90-110-C. and more preferably between about 85-110-0. The grafted resin materia, preferably has a g 
tempera ure (Tg) less than 120°C, more preferably .ess than 110°C, more preferably less between 25-1 00»C more 
preferably between 60-100°C, more preferably 60-80'C, and more preferably between 35-70'C. Differential Scanning 
Calonmetry (DSC, ASTM D 341 88-88) was used to measure Tg. «-"imng 

Blending with Other Resins 

[0048] Any previously described embodiment of the resin material may be blended with another tackifying resin 
Surtable examples of other tackifying resins include: aliphatic hydrocarbon resins, at least partially hydrogenated 
ahphatic hydrocarbon resins, aliphatic/aromatic hydrocarbon resins, at least partially hydrogenated aliphatic aromatic 
hydrocarbon resms, cycloa.iphatic hydrocarbon resins, at least partially hydrogenated cycloaliphatic resins cy- 
cloaliphatic/aromat.c hydrocarbon resins, at least partially hydrogenated cycloaliphatic/aromatic hydrocarbon resins 
aroma ,c hydrocarbon resins, at least partially hydrogenated aromatic hydrocarbon resins, polyterpene resins terpene- 
phenol resms rosin esters, resins grafted with graft monomers, and mixtures of any two or more thereof' Suitable 
resms also .nclude other resins having polar functionality whether produced by processes described herein or other 
suitable processes. 

[0049] For example, one embodiment is a composition comprising between 0.1 -99 wt% grafted resin material and 
between 1-99.9 wt% other resin. Other embodiments comprise between 0.1 -50 wt% grafted resin material, between 
0.1-30 wt% grafted resm material, between 0.1-20 wt% grafted resin material, between 1-25 grafted resin material 
between 1-15 wt% grafted resin material, between 1-10 wt% grafted resin material, between 5 10 wt% grattTd 2 
material, and between 1 0-30 wt% grafted material. 9 

of b 5 eLln a n P rIn 7™^™*^ reSi " materia,com P rises grafted resin and grafted oligomers in embodiments 
of between 0.1 and 50 wt% grafted ohgomers, more preferably between 0.1 and. 30 wt% grafted oligomers more 
preferably between 0.1 and 20 wt% grafted oligomer; more preferably^ arid 10 wt%;grafted oligomers more pref 
erably between 1 and 30 wt% grafted oligomers more preferably between 1 and 20 wt% grafted oJgomers and more" 
preferably between 1 and 10 wt% grafted oligomers based on the total weight of the resin material 

Blending into Adhesive Components and Compositions 

[0051] Any of the previously described embodiments may be combined with other adhesive components and formu- 
lated ,nto pressure sensitive adhesives, HMAs, or contact adhesives used in applications such as tapes, labels paper 
impregnate. HMA applications include woodworking, packaging, bookbinding or disposables. The embodiments de- 
scnbed here.n can also be formulated into compositions for sealants, rubber compounds, pipe wrapping carpet back- 
T' T^^f GS ' r ° ad / markin 9 and/or tire *. These compositions may be used without further dilution as in the 
case of HMAs or they may be diluted in appropriate solvents to form solvent-based adhesives (SBAs) or dispersed in 
water to form resin emulsions for water-borne adhesives (WBAs). 

[0052] Any of the previously described embodiments may be combined with or formulated into adhesives comprising 

^ T ei \ P ° lar P ° lymerS indUde homo P 0, y me rs, copolymers, and terpolymers containing polar 
groups such as esters, ethers, ketones, amides, imides, alcohols, phenols, halides, acids, anhydrides, sulphides ni- 
trites, .socyanates, aromatic and heteroaromatic groups. These polar substituents may be found in the polymer back- 
bone^pendanttothe polymer backbone or attachedto an aromatic groupthatmay be either incorporated in the polymer 
backbone or pendant to the polymer backbone. Suitable examples include copolymers of a C, to C 20 olefin such as 
ethylene and/or propylene and/or butene with one or more polar monomers such as vinyl esters ofalcoho'ls acids 
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anhydrides acrylic or methacrylic acids or esters. Polar polymers also include any thermoplastic copofymer composing 
rSonai group capable ofTnteracting with the unsaturated acid or anhydride group present w h the ream ma enal. 
£SS but are not limited to, polymer, (or copolymers of) such as polyesters, po lyam.des .^m 
ooSonates polyacrylonitriles, polyacrylates, polymethylacrylates, ethylene v.nyl esters, halogenated polymers, 
SSS-'XSnrlen. terephLlate. polybutylene terephthalate (PBT,. polyaceta. acryhc or ac- 
idsTky acrylates or methacrylates and the like. Accordingly, in one embodiment, the grafted resin rnatenal may be 
Elated with a polar polymer, such as EVA. It may optionally comprise other components such as one or more 

raOMl ° r A^y of the previously described embodiments may be combined or combined with a polyolef in (base polymer) 
5 a n adhesive Typical base polymers include polyethylene, ethylene copolymerized w.th one or more C 3 to C 20 
inlarbranched or cy cnc«-o,ef 

to C linear branched or cyclic a-olefins, polybutylene, polybutylene copolymenzed with one or more of C 5 Xo C 20 
neaT T^T^c a olefins, low density polyethylene (LDPE) (density 0.91 5 to .ess than 0.935 &c£) ..near 
o^ densTty polyethylene (LLPDE), ultra low density polyethylene (density 0.86 to less than 0.90 . gtan»). very low densrty 
SyethyS (Lslty 0.90 to less than 0.915 g/cm3), medium denstty polyethylene (density 0.935 to less than 0^945 
S23Thtah density polyethylene (HDPE) (density 0.945 to 0.98 g/cm3 ). Other hydrocarbon polymers (or copolymers 
oZc uS pS 2ne 1 , po^yisobuty.ene po.ybutene, polyisoprene, polybutadiene, butyl rubber, amorphous polyp o- 
py tene ethylene propylene diene monomer rubber, natural rubber, styrene butadiene rubber copolymers and halo- 
oenated copolymers of isobutylene and para-alky.slyrene, elastomers such as ethylene-propylene rubber (EPR), 
canTzed EPR EPDM .block copolymers of styrene and one or more conjugated dienes such as Si (Styrene-lsoprene), 
SM^Sri^^ne^yri.), SB (Styrene-Butadiene), SIS (Styrene-.sonr-ne-Styrene), nylons, polycarbonates, 
pS ritrpolme re of aromatic monomers such as polystyrene, copolymers of isobutylene and para-alky I styrene, 
hS moTu.aV weight HDPE, low molecular weight HDPE, graft copolymers generally, polyacrylon.tr, e homopo ymer 
o 9 co poW melop.astic po.yamides, polyacetal , po.yyinylidine fluoride and other fluorinated elastomers, po.yeth- 
ln £s polyisobuty.ene, or blends thereof. Preferred «-olefins include propylene, butene pentene, hexene 
Cene ocfene nonene dodecene, cyclopentene, 3,5,5-trimethy.hexene-1 , 3-methy.pentene-1 , 4-methy Pentene-1 

anotemo^ 

and/or ^ a C 3 to C^ comonomer, and (Hi) a diene. Preferred dienes include butadiene, pentadiene, hexad.ene . no - 
bofnene e'hyLene^norbornene, yinylidene norbornene, dicyclopentadie^ 

chitecture of such polymers may be linear, substantially linear, short-chain branched, long-ch anharjtad^ 
brancn Jd or any other combination thereof. The branches or arms may be the same as the mam backbone or d,ff erent 

pcSymers a 'd/or non grafted polymers. Examples of polymers and of such blends include, but are not hm,ted to, those 

Jo e owr d An n y U of thfp 6 rey!o 8 u S .y described embodiments may be blended with elastomers to form adhesiye sealants. 
PrSed I elastomers include natural rubber, polyisoprene, polybutadiene, copolymers of butadiene with styrene co- 
oTlt o bSadiene with acrylonrtrile, butyl rubber, polych.oroprene, ethylene/propylene rubber and jg» 
cSmer° of ethylene, propylene.and.a non-conjugated diene, styrenic bloek copolymers such as blo^ 
'oS^eandora-meth^ 

ro0561 In one embodiment the base polymer may be a polymer produced using a metallocene catalyst system. 
Sly the mitce e homopolymers or copolymers are produced using mono- or bis-cyclopentac Heny trans ,Jon 
SaSalvsts in combination with an activator of alumoxane and/or a non-coordinat.ng an.on in so ution. slurry, h.gh- 
o^eSure orC phase The catalyst system may be supported or unsupported and the cyc.opentadieny. rings may be 
s bs o ^un'substituted. Titanium, zirconium and hafnium are preferred transition metals^ Several ~ = a 
oroducts produced with such catalyst/actuator combinations are commercially available from ExxonMobil Chemical 
CompanJ P . Tte^Z Texas under the tradenames EXCEED® and EXACT® or from Dow Chemical Company under 
thP traripnames ENGAGE® and AFFINITY®. , . 

uuS ThT metallocene produced copolymers described above preferably have a pofydispersity less than 4 and a 
composition ^dTs^ion breadth index (CDBI) of 50 % or more, preferably above 60%, even more pre erab y above 
?0% in one embodiment, the CDBI is above 80%, even more preferably above 90%, even more preferably above 
lit in one embodiment, the polyethylene copolymer has a CDBI between 60-85%, even more preferably between 

fo 5 0581 /0 ' Composition Distribution Breadth Index (CDBI) is a measure of the composition distribution of i ™nome r within 
tne polymer chains an 1 is measured by the procedure described in PCT publication WO 93/03093, pubhshed February 
18 S 3 inching that fractions having a weight average molecular weight (Mw) below 15000 a re ignored when de- 
termining CDBI. 
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EE? 1 f °k P T i0US,y described embodiments may be present in a blend of resin and base polymer Suitable 
rauos of res,n:base polymer include 1 :1000 to 2:1, more preferably 1:2 to 2:1 and even more preferably ZmUTi 

[0060] Any of the previously described embodiments may be admixed with additives well known in the art such as 
processing o.ls, performance oils, anti-block, anti-static, antioxidants, cross-linking agents, stTcTroon bfaS tafc 
pigments fillers, processing aids, U V stabi.izers, neutralizes, lubricants, anti-slip agents, slip agentTsurfacta^ anS 
or nucleating , agents. Examples of common additives include: antioxidants such as Irganox® ?ioiO sifco *oMe 
h an, um d,ox,de poVdimethylsiloxane. talc, dyes, wax, calcium stearate, carbon blackand glass bead* In HMA ap 
plicat.ons suitable synthetic waxes include paraffin and microcrystalline waxes having meltL points witl a ranae 
from about SS-C to about 130»C and low molecular weight polyethylene and Fischer-Tropsch waxeT lhe wax conS 
.s preferably from about 1 to about 35 wt.% of the total blend composition. In PSA apportions suitable IZ ?„H 1 

rooe^T/of PRIMOL(B ! T ava K ilable ,rom ExxonMobil Chei Company «2S:K£r 

[0061] Any of the previously descnbed embodiments may be formulated into pressure sensitive adhesives that mav 

bL a k ^mi 0 J:^ 0n ^ e T na, baCki " 9 ' ayer SUCh 35 Paper f0M ' PO 'y meric film ' release wovenTnon-woZ 
backing matenal to make for example, packaging tapes, masking tapes and labels 

[0062] Opt.onal components in an HMA embodiment are plasticizers or other additives such as oils tackifiers sur- 
H 8 ! ll *' C0 '° r masterbatches - a " d '^e. Preferred plasticizers include mineral oils, polyb^lhSaS 
and the like. Particularly preferred plasticizers include phthalates such as diisodecyl phthalate (^pHE^iSS' 
42£ IN ? di0C * ,phlha,ales < DOP >" Parti -.ar.y preferred oils include aliphatic naphthenlc 1 ^ d,IS ° n ° ny,ph,ha - 
K A "° ther / ° p,i0nal com P° ne "t of an HMA composition is a low molecular weiaht product such as wa* oil or 

ZTJ ZT'lZ.TT 9 b6l0W Mn ° f 500 °' Preferab ' y bel0W 4000 ' more P refe ^.y below 3000 Ten more 
preferably below 2500). Preferred oils include aliphatic naphthenic oils, white oils, or the like. Preferred low Mr P olymers 

ncludL P ^ m h e 7 ° " Pr ° Pylene ' bUtene " Pent6ne ' and hexene " A P"**""* Prefened^ymer 

PARAPO P L T^oTtZT^rT tha ?n 00a ^ GXamP ' e ° f SUCh * * aVaNable ^ ^ 

„rSn a nH I T ExXOnMob " Chem,cal Company. PAAAPOL™ 950 is a liquid polybutene polymer having a Mn 

of950andak.nemat.cv.scosityof220cStat100<>C,asmeasuredbyASTMD445 

[0064] HMAs embodiments can be used for disposable diaper and napkin chassis construction elastic attachment 
in disposable goods converting, packaging, .abe.ing, bookbinding, woodworking, and other assembTy aXtns 
Particular examples mclude: baby diaper leg elastic, diaper frontal tape, diaper standing leg cuff dteper chass.s con 
struction, diaper core stabilization, diaper liquid transfer layer, diaper outer cover lamination, dlaperelS lami 
nation, emin.ne nap ,n core stabilization, feminine napkins adhesive strip, industrial filtration bonding tSusMal fTer 

pacSq min ' " m 



packaging. 
35 Additives for Polymers 

[0065] The embodiments of this invention have novel utility as polymer additives in many applications Other materials 
may be present depending, upon the application. Many of the classes of polymer have been described e^r n the 

needed and retention of physical properties is needed. A wide range of polymers, from polypropylene to enSneerina 
thermopiles, are in this category. The resins of this invention also aid adhesion, cling, and Tack A wide ranqe of 
polymers, for examp.e in polyolefin films, tyre rubber compositions or rubber overmolded articles are in mfecTteoorv 
They may also be added to ink formulations to aid adhesion of the components as well as to^l^SiiToK 
applications are in paint drying and concrete curing. suosirates. other 

Additives for Road Marking 

Su?h 6 ! O( J! 1 1 L emb0CiimentS diSC ' 0Sed h6rein bG f0n ™ lated int ° thermoplastic road-marking (TRM) compositions 
Such fomnulation comprises a res.n, plasticizer or an oil, pigment, fillers, glass beads. The grafted material of the 
mvention can be used as the primary resin of the road-marking composition or as an additional additiVe to he rold 
conTLTvT T- T h he / 0ad - marking C °-W°- containing the grafted materia, of the invention can addWonalt 
comprise EVA polyisobutylene, block copolymers comprising sytrene and a conjugated diene such as isoprene or 
butadiene (including, but not limited to SI, SIS, SB, and/or SBS), polyethylene waxes, rosin esters rosTn denies 
maleic ac,d/anhydr,de modified hydrocarbon resin. The grafted materia, of the invention aids the ^S^SSS 
and pigment yielding improved properties of fluidity and color. version or nners 



55 



10 

BNSDOCID;<EP 1295926A1 I > 



« 



EP 1 295 926 A1 



Cross-linking and Reactive Processing 

[00671 The embodiments of this invention have a further advantage as polymer additives in inks and construction 
and road marking applications. They are capable of creating and participating in cross-linking within the composition 
medium by^ross li n king with the other components of the adhesive formulation. The preferable example of anhydride 
or add groups on the resin can cross-link with themselves or with other polymers present m the composition medium. 
Some polymers containing amine or alcoholic functionality will react directly with the grafted resin material, e g those 
Dolvmers containing some vinyl alcohol groups. Others polymers will cross-link when a cross-l.nk.ng agent ,s added. 
S hTs embod meSt, the amount of cross-linking agent added is typica.ly dependent on the amount of graft monomer 
present. Typical amounts include between 100:1 and 1:100. more preferably 1:1 parts cross hnkmg age per parts 
araft monomer (molar ratio) present in the formulation. These include polymers containing some acrylic acid such as 
ethyTnea^ 

anhydride grafted ethylene propylene diene rubbers. Such cross-linking can be achieved in many ways ,nc uding the 
aodftion ofdif unctiona. agents capable of reacting with the acid or anhydride groups. Examples of such matenals are 
fhose containing alcohol and amine functionality such as diols, diamines, especially primary amines. The material 
having These Scttonal groups may be mixed or have different substitutions, for example a diamine where one group 
is ana the other I. tertiary. Weaker cross-linking can be achieved via interactions which do not form cova en 
SS - as Lie and hydrogen bonds. Examples of materials capable of cross-linking in such a manner are divalent 
metal ions such as Ca ++ or diamines containing quaternary amines. 

Examples 

[0068] In the following examples HMAs were prepared as follows. The components of the HMA Ration was 
ntrodiced in a Z-b.ade mixer previous.y heated at 1 80°C under nitrogen blanketing. The waxes were .n reduced after 
1 0 minutes, and the mixing was continued for another 60 min . The mixer was stopped, the nitrogen blanket was stopped 
andTe blend was poured into a tray. The blend was further cooled under nitrogen blanket and covered with a release 

raoBfli HMA specimens were prepared for testing as follows. The adhesive was introduced in the hopper of an ac- 
cumeterand monad at 150°C under nitrogen. Strips of desired substrate carriers (polyethylene film of 200* thickness, 
PET* Hm of 1 00n thickness, aluminium of 90u thickness and/or acrylic-coated oriented polypropylene (OPP) film card- 
board) were cut and coated with the molten adhesive. , .^...tetmtec 
[0070 For T-Peel testing, the HMA specimens were prepared for testing by cutting coated and "n^^substr^es 
nto Pieces of about 25 cm length and 1 0 cm width. The non-coated substrate was laid on top of the coated substrate^ 
Tne specTmen was wrapped into a release paper which was further laminated with a hot press at a given temperature 
dependlngon 

ooSSe terephthalate (PET)) under a pressure of 4400 pounds (1 1 4 psl/783 kPa) for 30 seconds. Stnps of 2 cm 
Kh wer cut from the laminated specimens) with a paper cutter in the coating direction. T-Pee. strengths were 
measured with a tensile tester (Zwick). The F-average force (g/cm) for peeling was measured (average of at least 3 
. testsiens for each, laminate). Wi.enje: king was indicated, 2/3 of the maximum peak was recorded. Faugre types 
" w2e S recorded in Tables 1-5: Adhesive failure (AF), Cohesive' Failure (CF), "Jerking or.No Jerking and Tear^ 
[0071] Shear Adhesion Failure Temperature (SAFT) and Hot Shear test specimens were prepared the same for 
T-Pee specimens except that strips of 25 x 70 mm were used and laid on stainless steel plates previously cleaned. 
[o072 SAFTwas determined by adhering a coated strip of the selected substrate to stainless steel 
area of 12.5 x 25 mm, hanging the samples in an oven held at 25°C and suspending a 500 g we.ght from the bottom 
of the strip. The temperature was raised at 0.4°C/min and the bond failure temperature was measured. The Shear 
Adhesion Failure Temperature was the average of three tests. 
f 0 073] Hotshearwasmeasuredbysuspendinga^ 

coated with the adhesive formulation which was adhered to a stainless steel plate with a contact area of 1 2.5 x 25 mrrv 
The sample was placed in a ventilated oven at 40»C. Time was recorded until stress failure occurs. Typ.cally, these 

so tests were made and recorded individually to determine reliability of the holding power. 

0074? Saponification number was measured according to the following procedure. 2g of powdered resin materia 
was d ssolved in 25m. toluene/isopropanol (1 :1 wt ratio) and 50ml of 0.1 N alcoholic KOH was added by pipette. After 
relxing for 30 min and cooling to room temperature the solution was titrated against 0.1 N HC. using phenolphthaleine 
nd 2 A blank run was carried out without resin material. Saponification number (mg KOH/g resm was then^ calcu^ 

55 multiplying 56.1 (approximate molecular weight of KOH) x volume of standard HCI x Normality of HC, d.vided 

bv the weiqht of resin material sample. s«j;^«t^H 
[0075] In the following examples, all parts, proportions, and percentages are by weight unless otherw.se ind.cated. 
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Example 1 



1 J. 1 ■ A therma, ' y Poetized hydrogenated aromatic containing CPD resin (available as Escorez®5600 from Exx- 
onMobil Chemical Europe having a softening point of 1 03°C, Mn 270, and Tg 55°C) was blended in an HMA formulation 
cons.st.ng of 45 parts resin, 35 parts EVA (Escorene® 40028 available from ExxonMobil Chemical Company) 10 parts 
polyethylene Np wax, 1 0 parts polyethylene FT wax and 0.5 parts anti-oxidant (Irganox® 1 01 0 available from CIBA GEI- 
GY) T-Peel on polyethylene to polyethylene and PET to PET, and Hot Shear and SAFT on polyethylene to stainless 
steel and on PET to stainless steel were measured. The results from Example 1 are shown in the Tables and are used 
as a reference for comparison with later examples. 



Example 2 



E£?l, J? ° rOS ' n 6Ster aVai ' able as Sylva,ite RE 1 00 available from Arizon a Chemical Company (softening point 

40028), 10 parts po.yethy.ene Np wax, 1 0 parts po.yethy.ene FT wax and 0.5 parts anti-ox.dant (Irganox® 101 S^SS 
on polyethylene to polyethylene, PET to PET and acrylic-coated OPP cardboard to acrylic-coated OPP cardboard and 
Hot Shear and SAFT were measured on polyethylene to stainless steel, on PET to stainless steel and on acrvlic- 
coated OPP cardboard to stainless steel. The results from Example 2 are shown in the Tables and are used as a 
reference for comparison with later examples. 



Example 3 



l S Mn f^T'^lT aVa Jf W ! 83 Sy ' Valite RE 1 °° aVai,ab ' e fr ° m AriZOna Chemical Co ™P™Y (^ft^ing point 
it ' > WaS b ' ended in an HMA formulatiofl consisting of 45 parts rosin ester, 35 parts EVA (Es- 

corene® 40028), 10 parts polyethylene Np wax, 10 parts polyethylene FT wax and 0.5 parts anti-oxidant (Irganox® 

lee? and oTipT t ° ci 6 t P ° ,yeXhyiene and PET 10 PET > and Hot ™* SAFT on polyethylene to stainless 

steel and on PET to sta.nless steel were measured. The results from Example 3 are shown in the Tables and are used 
as a reference for comparison with later examples. 



30 Example 4 



[0079] A tetpene phenolic resin available as Dertophene T from Derives Resiniques Terpeniques (softenino ooint 
96-C, Mn 490, Mw 700, initial color 4.5 Gardner) was blended in an HMA formulation co^7*£Zl£2 
phenolic res,n, 35 parts EVA (Escorene® 40028), 10 parts polyethylene Np wax, 10 parts polyethylene FT wax and 
0.5 parts ant.-oxidant (Irganox® 1010). T-Peel on polyethylene to polyethylene and PET to PET, and Hot Shear and 
SAFT on polyethylene to stainless steel and on PET to stainless steel were measured. The results from Example 4 
are shown in the Tables and used as a reference for comparison with later examples. 



Example 5 



0080] 100g of a thermally polymenzed hydrogenated aromatic containing CPD resin, same as the Escorez® 5600 
resin tested in Example 1 , but without anti-oxidant, containing 7.5% aromatic protons and 0.01 % olefinic protons having 
a softening point of 103°C, was heated to and maintained at 1 70°C in a 250 ml flask fitted with a stirrer under nitrogen 

wfrf m ,T XG T added - Four a,iquots of 0 75 ml 2,5-dimethy-2,5-di(tert-butylperoxy)hexane (Luperox® 101 ) 

were added at 15 m.nute intervals. After completion of the peroxide addition the mixture was stirred for a further 75 
minutes under a nitrogen flow to remove volatile materials. The resulting reaction product was poured from the reactor 
cooled and analysed The grafted resin product had a Gardner colour of 3.5 (50 wt% in toluene), a softening point oi 
84°C, and a Saponification number of 17. "a "« 



s ° Example 6 



[0081 ] 1 0Og of a thermalV polymerized partially hydrogenated aromatic containing CPD resin, same as the Escorez® 
„ 6 n °° r Tf • ♦ n T 6 ' bUt 1 Wi,h0ut an ti-^'dant, having a softening point 103»C, 7.5% aromatic protons and 
0.01 /o olefimc protons ind.cated by 1 H NMR spectroscopy was heated in a 500 ml flask fitted with stirrer under nitroqen 
55 to and maintained at 1 70°C. When liquid, 1 .23g maleic anhydride powder was added and blended. Five 0 1 ml aliquots 
of 2 5-d,methyl-2,5-di(tert-butylperoxy)hexane (Luperox 101) were added to the stirred liquid at 15 minute intervals 
and the reaction was cont.nued for a further 60 minutes with a flow of nitrogen to remove volatile peroxide decomposition 
products and any residual unreacted maleic anhydride. The melt was poured out of the reaction flask and allowed to 
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cool and solidify. The resulting grafted resin had a softening point 105-C. Gardner colour of 3.5, and a Saponification 
number of 10. 

Example 7 

f00821 250g of a thermally polymerized partially hydrogenated aromaticcontaining CPD resin , same as the Escorez® 
5600 resin tested in Example 1 , but without anti-oxidant, having a softening point 103°C and 7.5% aromatic and 0.01 h 
olefinic protons as indicated by 1 H NMR spectroscopy was heated in a 500 ml flask fitted with stirrer under nitrogen to 
and maintained at 170°C. When liquid, 6.13g maleic anhydride powder was added and blended. Five 0.25 ml al.quots 
of 2 5-dimethyl-2 5-di(tert-butylperoxy)hexane were added to the stirred liquid at 10 minute intervals and the reaction 
was continued for a further 20 minutes with a flow of nitrogen to remove volatile peroxide decomposition products and 
any residual unreacted maleic anhydride. The melt was poured out of the reaction flask and allowed to cool and solidify. 
The resulting grafted resin had a softening point 105°C, Gardner colour of 3.6, and a Saponfication number of 20. 

75 Example 8 

r00831 1 0Og of a thermally polymerized partially hydrogenated aromaticcontaining CPD resin, same as the Escorez® 
5600 resin tested in Example 1 , but without anti-oxidant, having a softening point 1 03-C, 7.5% aromat.c protons and 
0 01% olefinic protons as indicated by 'H NMR spectroscopy was heated in a 500 ml flask fitted with stirrer under 

20 nitrogen to and maintained at 1 70°C. When liquid, 4.9g maleic anhydride powder was added and blended. Four 0.5 
' ml ahquots of 2,5-dimethyl-2,5-di(tert-butylperoxy)hexane were added to the stirred liquid at 15 minute intervals and 
the reaction was continued for a further 75 minutes with a flow of nitrogen to remove volatile peroxide decomposition 
products and any residual unreacted maleic anhydride. The melt was poured out of the reaction flask and allowed to 
cool and solidify. The resulting grafted resin had a softening point 112°C, Gardner colour of 8, and a Saponfication 

25 number of 40. 

Examples 9-12 

r00841 The grafted resins from Examples 5-8 were blended in an HM A f ormu lation was blended in an HM A formulation 
consisting of 45 parts grafted resin, 35 parts EVA (Escorene® 40028), 10 parts polyethylene Np wax, 10 parts poly- 
ethylene FT wax and 0.5 parts anti-oxidant (lrganox®1010). T-Peel on polyethylene to polyethylene and PET to PET 
and Hot Shear and SAFT on polyethylene to stainless steel and on PET to stainless steel were measured. The results 
for Examples 9-12 are shown in Tables 1 and 2 and Figure 1-6. Note for T-Peel: only the peeling force (F-average) 
was represented. When the sample was only jerking, it corresponds to a zero adhesion force. ^ ron „ 0 
r00851 These results show that on polyethylene substrates, most of the grafted res.ns perform similarly to reference 
Examples 1 -4 for adhesion. On the other hand, for Hot Shear and SAFT most of the grafted resins are superior to 
references Examples 1 -4, especially examples 6/1 0, 7/1 1 and 8/1 2 where graft monomer was maleic anhydnde These 
results also illustrate that on a polar substrate such as PET, the grafted resins have better adhesion compared o he 
ungrafted resin of Example 1 and the tall oil rosin esters of Examples-2 and 3, which show only jerking^Ao illustrated 
in Figures 1-6, the Hot Shear and SAFT results show that the grafted resins of Examples 6/1 0, 7/1 1 and 8/1 2 are equal 
to or superior to the reference Examples 1-4. 
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Example 13 



[0086] 700g of a hydrogenated trimer and tetramer mixture of oligomers of cyclopentadiene, methyl cyclopentadiene 
and C 9 -C 10 aromatic olefins was removed from the overhead stream of a product stripping tower in a commercial 

5 manufacturing process for a thermally polymerized aromatic containing CPD hydrocarbon resin at an ExxonMobil 
production facility in Notre Dame de Gravenchon, France. The oligomers obtained did not contain anti-oxidant and 
contained 7.4 % aromatic protons and 0 % olefinic protons. The oligomers were stirred under nitrogen at 160°C with 
70g maleic anhydride powder in a 2 liter flask. Six 3 ml aliquots of 2,5-dimethyl-2,5-di(tert-butylperoxy)hexane were 
added at 0, 10, 20, 30, 45 and 75 minutes elapsed time. The reaction stirring continued for a further 45 minutes with 

10 a flow of nitrogen through the flask to remove any volatile components. The reactor was cooled to 140°C and the 
product was poured into cold paraffinic hydrocarbon solvent having boiling in the range of 1 60-1 92°C by ASTM D-1 078 
(available as Exxsol D from ExxonMobil Chemical Europe). The insoluble reaction product was filtered off and washed 
with heptane to remove residual traces of unreacted oligomers and any peroxide decomposition products. The yield 
was 120 g of grafted oligomers having softening point 107°C, Gardner Color 12 (acetone:toluene 1 :1 wt), and a Sa- 

15 ponification number of 336. 



Example 14-17 



[0087] The grafted oligomers from Example 13 were blended with a thermally polymerized hydrogenated aromatic 
containing CPD resin (Escorez® 5600) in various ratios of oligomers to resin to form a resin material. The resin material 
was then blended in an HMA formulation consisting of 45 parts resin material, 35 parts EVA (Escorene® 40028), 10 
parts polyethylene Np wax, 10 parts polyethylene FT wax and 0.5 parts anti-oxidant such as lrganox<g>-1010. T-Peel 
on polyethylene to polyethylene and PET to PET, and Hot Shear and SAFT on polyethylene to stainless steel and on 
PET to stainless steel have been measured. The amounts of grafted oligomer in the resin material was varied between 
5 and 30 wt%. The results from Examples 14-17 are shown in Tables 3 and 4 and Figures 7-12. T-Peel tests on 
Examples 15 and 1 7 were also conducted on acrylic-coated OPP cardboard and compared to similar results generated 
with an HMA formulation produced by Example 2. Those results are shown in Table 5 and Figures 13-15. 
[0088] Tables 3 and 4 and Figures 7-12 illustrate that resin materials containing grafted oligomers show overall 
comparable behavior on polyethylene substrates when compared to reference Examples 1 -4. These results also illus- 
trate that on a polar substrate such as PET, a significant advantage is achieved with resin material containing grafted 
oligomers, especially for adhesion. These results also illustrate that Hot Shear and SAFT are significantly higher for 
resin material containing grafted oligomers when compared to reference Examples 1-4. The results from Table 5 and 
Figures 13-15 also illustrate that the resin material containing grafted oligomers has superior performance over the tall 
oil rosin ester tested in Example 2 on acrylic-coated OPP cardboard, especially for adhesion. 
[0089] As is apparent from the foregoing description, the materials prepared and the procedures followed relate to 
specific preferred embodiments of the broad invention. It is apparent from the foregoing general description and the 
specific embodiments that, while forms of the invention have been illustrated and described, various modifications can 
be made without departing from the spirit and scope of this invention. Accordingly, it is not intended that the invention 
be limited thereby. In the following claims which represent the invention h specific embodiments, each dependent 
embodiment for each of the below independent embodiments may be practiced with one or more of the limitations of 
the other dependent embodiments so as to represent other operable embodiments within the scope of the invention 
claimed. 
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Table 5 



10 



15 



Grafted Oligomer/Hydrocarbon Resin HMA formulations 
Acrylic-Coated OPP on Cardboard Substrates 


Example(s) 


2 


13/15 


13/17 


Cloud Point (°C) 


88 


>200 


>200 


Softening Point (°C) 


105 


102 


103 


T-Peel AC / AC (g/cm) 


0 


294 


507 


Failure Type 


Jerking 


AF 


AF 


T-Peel AC/AC (g/cm) 


274 


No Jerking 


No Jerking 


Hot Shear AC/ss (minutes at 60°C) 


102 


126 


152 


SAFTPET/ss (°C) 


100 


107 


>113 



Claims 



20 



25 



30 



35 



40 



45 



50 



55 



1. A composition comprising an at least partially hydrogenated material grafted with a graft monomer, wherein the 
material comprises: 

(a) a thermally polymerized aromatic-containing hydrocarbon resin; 

(b) an oligomer, in which case, the oligomer after it has been grafted with the graft monomer: 

(i) does not comprise norbornyl ester groups; or 

(ii) comprises at least one of a mono-alkyl succinic acid, anhydride or derivative thereof, or a p-alkyl sub- 
stituted propanoic acid or derivative thereof; or, 

(c) a combination of (a) and (b). 

2. The composition according to claim 1 comprising: (i) one or more reaction products of the material and the graft 
monomer; or (ii) one or more products of the combination of the material and the graft monomer. 

3. The composition according to claims 1 or 2 wherein the graft monomer is an unsaturated acid or anhydride or 
derivative thereof. 

4. The composition according claims 1 or 2 wherein the graft monomer is maleic anhydride. 

* : -*'!'„ ; » 

5. The composition according to claims 1 -3 wherein the graft monomer before grafting has an olefinic bond through 
which it is grafted to the material. 

6. The composition according to claim 5 wherein the olefinic bond is an a, p olefinic bond and the graft monomer 
is grafted to the material through the a, P olefinic bond. 

7. The composition according to any of the preceding claims wherein the material contains less than 50% olefinic 
protons. 

8. The composition according to any of the preceding claims wherein the material contains less than 5% olefinic 
protons. 

9. The composition according to any of the preceding claims wherein the material contains less than 1% olefinic 
protons. 

10. The composition according to any of the preceding claims wherein the oligomer is derived from a petroleum 
distillate boiling in the range of 30°C to 21 0°C. 
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1 1 . The composition according to any of the preceding claims wherein the oligomer has a molecular weight between 
130 and 500. 

12. The composition according to any of the preceding claims wherein the oligomer is selected from the group 
consisting of oligomers of cyclopentadiene and substituted cyclopentadiene , oligomers of C 4 -C 6 conjugated di- 
olefins, oligomers of C 8 -C 10 aromatic olefins, and mixtures of two or more thereof 

13. The composition according to any of the preceding claims wherein the oligomer is derived from at least one 
aromatic monomer. 



14. The composition according to any of the preceding claims wherein the grafted material has a softeninq point 
between 10°C and 200°C. 



15. The composition according to any of the preceding claims wherein the grafted material has a softeninq point 
15 between 80°C and 150°C. 



16. The composition according to any of the preceding claims wherein the grafted material has a softeninq point 
between 90°C and 1 1 0°C. 



20 17. The composition according to any of the preceding claims wherein the grafted material has a Tq less than 

120°C. 

18. The composition according to any of the preceding claims wherein the grafted material has aTg between 25°C 
and100°C. 

25 

1 9. The composition according to any of the preceding claims wherein the grafted material has a Tg between 35°C 
and 70°C. 



20. The composition according to any of the preceding claims comprising between 0.1 and 99 wt% grafted oligem- 
ia ers. 



21 . The composition according to any of the preceding claims comprising between 0.1 and 30 wt% grafted oligom- 
ers. 



35 22. The composition according to any of the preceding claims wherein the oligomengraft monomer mole ratio in 

the grafted oligomer is between 2:1 and 1 :2. 

23. The composition according to any of the preceding claims wherein the graft monomer:resin weight ratio in the 
grated resin is between 1:100 and 1 :2. 

40 

24. The composition according to any of the preceding claims further comprising at least one other resin selected 
from the group consisting of: aliphatic hydrocarbon resins, at least partially hydrogenated aliphatic hydrocarbon 
resins, aliphatic/aromatic hydrocarbon resins, at least partially hydrogenated aliphatic/aromatic hydrocarbon res- 
ins, cycloaliphatic hydrocarbon resins, at least partially hydrogenated cycloaliphatic resins, cycloaliphatic/aromatic 

45 hydrocarbon resins, at least partially hydrogenated cycloaliphatic/aromatic hydrocarbon resins, aromatic hydro- 

carbon resins, at least partially hydrogenated aromatic hydrocarbon resins, polyterpene resins, terpene-phenol 
resins, rosin esters, resins grafted with graft monomers, and mixtures of any two or more thereof. 

26. The composition according to any of the preceding claims further comprising one or more oligomers of the 
50 graft monomer. 

27. The composition according to any of the preceding claims further comprising at least one polyolefin. 

28. The composition according to claim 19 wherein the polyolefin is selected from the group consisting of: poly- 
55 ethylene, an ethylene a-olefin (C 3 -C 20 ) copolymer, polypropylene, a propylene a-olefin (C 4 -C 20 ) copolymer, poly- 

butylene, a butylene a-olefin (C 5 -C 20 ) copolymer, a polyisobutylene polymer, a-olefin diene copolymers, block 
copolymers comprising styrene and a conjugated diene : and mixtures of two or more thereof. 
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29. The composition according to any of the preceding claims further comprising at least one polar polymer. 

30 The composition according to claim 21 wherein the polar polymer is selected from the group consisting of 
polyesters, polyamides, polyureas, polycarbonates, polyacrylonitriles, polyacrylates, polymethylacrylates, ethyl- 
ene vinyl acetate copolymers, polyvinyl chloride, polyethylene terephthalate, polybutylene terephthalate, polya- 
cetals, ethylmethyl acrylate, ethylbutyl acrylate, and mixtures of two or more thereof. 

31 . The composition according to any of the preceding claims further comprising a polymer comprising ethylene 
or propylene and having a CDBI greater than 50% and a polydispersity of less than 4. 

32. The composition according to any of the preceding claims further comprising at least one wax or oil. 

33. The composition according to any of the preceding claims further comprising at least one cross-linking agent. 

is 34. A process comprising contacting a graft monomer with an at least partially hydrogenated material, wherein the 

material comprises: 

(a) a thermally polymerized aromatic-containing hydrocarbon resin; 

(b) an oligomer, in which case, the oligomer after it has been grafted with the graft monomer: 

20 ♦ ' 

(i) does not comprise norbornyl ester groups; or 

(ii) comprises at least one of a mono-alkyl succinic acid, anhydride or derivative thereof, or a p-alkyl sub- 
stituted propanoic acid or derivative thereof; or, 

25 (c) a combination of (a) and (b). 

35. The process according to claim 34 wherein the graft monomer is an unsaturated acid or anhydride or derivative 
thereof. 

30 36. The process according to claim 34 wherein the graft monomer is maleic anhydride. 

37. The process according to any of claims 34-36 wherein the graft monomer before grafting has an olefinic bond 
through which it is grafted to the material. 

35 38. The process according to claim 37 wherein the olefinic bond is an a, p olefinic bond and the graft monomer is 

grafted to the material through the a, p olefinic bond. 

39 The process according to claims 34-38 wherein the weight ratio of graft monomer to material in the reaction 
mixture is less than 5:10. 

40 

40. The process according to any of claims 34-39 wherein the material contain less than 50% olefinic protons. 

41. The process according to any of claims 34-39 wherein the material contain less than 5% olefinic protons. 

45 42. The process according to any of claims 34-39 wherein the material contain less than 1% olefinic protons. 

43. The process according to any of claims 34-42 wherein the oligomer is derived from a petroleum distillate boiling 
in the range of 30°C to 210°C. 

so 44. The process according to any of claims 34-43 wherein the oligomer has a molecular weight between 1 30 and 

500. 

45 The process according to any of claims 34-44 wherein the oligomer is selected from the group consisting of 
oligomers of cyclopentadiene and substituted cyclopentadiene, oligomers of C 4 -C 6 conjugated diolefins, oligomers 
55 of C 8 -C 10 aromatic olefins, and combinations of two or more thereof. 

46. The process according to any of claims 34-45 wherein the oligomer comprises at least one aromatic monomer. 
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47. The process according to any of claims 34-46 wherein the graft monomer contacts the material in the presence 
of a free radical initiator. 

48. The process according to claim 47 wherein the free radical initiator is selected from the group consisting of ■ 
5 benzoyl peroxide, dichlorobenzoyl peroxide, dicumyl peroxide, di-tert-butyi peroxide, 2,5-dimethyl-2 5-di(peroxy- 

benzoate)hexyne-3, 1 .4-bis(tert-butylperoxyisopropyl)benzene, lauroyl peroxide, tert-butyl peracetate 2 5-dime- 
thyl-2,5-di(tert-butylperoxy)hexyne-3, 2 } 5-dimethyl-2,5-di(tert-butylperoxy)hexane J tert-butyl perbenzoate tert- 
butylperphenyl acetate, tert-butyl perisobutyrate, tert-butyl per-sec-octoate, tert-butyl perpivalate cumyl per- 
pivalate and tert-butyl perdiethylacetate, azoisobutyronitrile, dimethyl azoisobutyrate, and mixtures of two or more 
10 thereof. 

49. The process according to claims 47 or 48 wherein weight ratio of radical initiator to graft monomer in the reaction 
mixture is less than 5:10. 



15 
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50. The process according to any of claims 34-49 comprising contacting the material with the graft monomer in 
the presence of a solvent. 

51. A process comprising combining at least one other resin with a product produced by the process of any of 
claims 34-50. 

52. The process according to claim 51 wherein the resin selected from the group consisting of: aliphatic hydrocar- 
bon resins, at least partially hydrogenated aliphatic hydrocarbon resins, aliphatic/aromatic hydrocarbon resins at 
least partially hydrogenated aliphatic aromatic hydrocarbon resins, cycloaliphatic hydrocarbon resins at least par- 
tially hydrogenated cycloaliphatic resins, cycloaliphatic/aromatic hydrocarbon resins, cycloaliphatic/aromatic at 
least partially hydrogenated hydrocarbon resins, polyterpene resins, terpene-phenol resins, rosin esters qrafted 
resins, and mixtures of two or more thereof. 

53. A process comprising mixing at least one polyolefin to a product produced by the process any of claims 34-52. 

54. The process according to claim 53 wherein the polyolefin is selected from the group consisting of: polyethylene 
an ethylene cx-olefin (C 3 -C 20 ) copolymer, polypropylene, a propylene a-olefin (C 4 -C 20 ) copolymer, polybutylene' 
a butylene a-olefin (C 5 -C 20 ) copolymer, a-olefin diene copolymers, a block copolymer comprising styrene and a 
conjugated diene, and mixtures of two or more thereof. 

55. The process according to claim 53 wherein the polyolefin is a polymer comprising ethylene or propylene and 
having a CDBl greater than 50% and a polydispersity of less than 4. 

56. The process according to claim 53 wherein the polyolefin is a polar polymer. 

57. The process according to claim 56 wherein the polar polymer is selected from the group consisting of polyesters 
polyamides, polyureas, polycarbonates, polyacrylonitriles, polyacrylates, polymethylacrylates, ethylene vinyl ac- 
etate copolymers, polyvinyl chloride, polyethylene terephthalate, polybutylene terephthalate, polyacetals ethyl- 
methyl acrylate, ethylbutyl acrylate and mixtures of two or more thereof. 

58. The process according to any of claims 34-57 further comprising admixing at least one wax or oil. 

59. The process according to any of claims 34-58 further comprising cross-linking the resin material with itself or 
a polymer combined with the resin material. 

50 60. A product produced by any of claims 34-59. 

61 . The use of an adhesive material comprising a product produced by any one of claims 26-49. 

62. An article comprising a substrate selected from the group of: polyethylene terephthalate, paper, recycled paper 
55 a film comprising one or more polyolefins, cardboard, recycled cardboard, substrates having acrylic varnishes 

thereon, wood, glass, ceramic, asphalt, concrete, and metal, the substrate having an adhesive composition ad- 
hered thereto, the adhesive composition comprising a composition according to any of claims 1-33. 
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